This paper describes an investigation on the use of a new composite construction material composed of plaster, sand, crushed gravel and date palm fibres of waste agriculture peels, having mechanical properties potentially useful in technical domains. Thermal conductivity and some mechanical and physical properties are investigated. The results showed that the incorporated vegetable fibres changed the rheological and the mechanical behaviour of the material and increase considerably its ductility, improving its cracking threshold. A decrease in thermal conductivity and bulk density is recorded. Therefore, it seems to be a promising composite for saving energy suitable for renovation purposes.
INTRODUCTION
Due to its availability in subsoil, relative low cost, ease of high usage and mechanical characteristics suitable for many uses, plaster is a widely used construction material, which can compete with cement. Where the latter is not eliminated completely but used rationally, the structure like foundations and chaining must be strengthened. However, plaster appears to be heavy, permeable and too brittle (Eve et al., 2002) . Heaviness and brittleness may be appreciably reduced by combining plaster with mineral particles (Djoudi and Khenfer, 2005) or natural fibres (Dalmay et al., 2010) . Particularly, a number of studies have shown that synthetic fibres reinforced plaster materials possess a best mechanical efficiency (Wu, 2009; Çolak, 2006) , but the increase in cost and its effect on the environment due to this kind of fibres have forced scientists and engineers to synthesize new materials of low cost and renewable resources, and environmentally friendly, like vegetable fibres because there are less gluttonous in fossil energy. Djoudi and Khenfer (1998) concluded that the *Corresponding author. E-mail: aminag0012@yahoo.fr.
composition of plaster concrete permitted to increase 100% of the compressive strength according to the mortar. The addition of fibres in concrete changes completely the rheological behaviour of the fresh mixture. Belfrag (2006) has shown that the loss of workability for a fibre concrete is more important when the length/diameter ratio of fibres and the content of fibers is high. Concerning the mechanical properties of the fibres concretes, Bahloul et al. (2009) noted that the compressive strength and the thermal conductivity decreased with the increase of the dosage of a composite reinforced with vegetable fibres of Alfa. Eve et al. (2002) have shown that all the mechanical properties decrease with the percentage of polyamide fibres reinforced plaster except the fracture toughness. In the present study, taking into account the parameter related to fibres, such as, their proportions and their geometries on the mechanical effectiveness after hardening, we attempted to study the influence of the percentage by weight and length of fibres of the date palm on the workability and the properties of plaster concretes. The mechanical, thermal and physical properties obtained from the experiments were compared with theoretical evaluations. 
EXPERIMENTAL METHODS

Materials
The plaster used is a product of commercial available gypsum. Mineralogical analysis shows that this plaster has a content of CaSO4, 2H2O approximately 96%, which permitted us to classify it in class 1, which corresponds to a percentage higher than 90%. Table 2 presents some physical and mechanical properties of the plaster used. Natural quartz sand, 0 to 2 mm and crushed gravel 5 to 15 mm with continuous granulometry were used in this investigation. Air lime is selected in this study as a retarder setting of the plaster because it is susceptible to decreases its solubility and increases its time of use, and it does not affect its mechanical properties. The fibres used in this study were obtained from the surface of the date palm trees (Figure1). The waste after being peeled was cut and the fibres with diameters of the ranged 0.2 to 1 mm were selected. The lengths of fibres used in this study were 10, 20, 30, and 40 mm, respectively. The physical and mechanical properties of these fibres were presented in Table 3 . The results of the chemical analysis are presented in Figures 2. A study of the microstructure of fibres used was undertaken by scanning electron microscope (SEM).
Mix designs
The proposed mix designs were based on the formulation of plaster concrete (without fibres) for the formulation of metallic fibres concretes and for the formulation of concrete with vegetable fibres according to the method of Rossi et al. (1989) and Swamy et al. (1984) , respectively.
The mix design optimization was developed in two steps: In the first step, the composition of the matrix (plaster concrete) was optimised in order to determine the optimal granular composition of the matrix noted (S/G) opt. The optimization of the plaster concrete was detailed as follows: the water-plaster and the sand-plaster ratio were respectively equal to 0.60 and 0.50 by weight. The sandgravel ratio, S/G vary according to the composition indicated in Table 3 . The workability for each mixture was determined by the slump test, and the results of workability of the concrete plaster without fibres are illustrated in Figure 3 .
In the second step, vegetable fibres of date palm with the dosage by mass were 0.5, 1, 1.5, and 2% for each length of 10, 20, 30, and 40 mm were incorporated in concrete plaster while using the method of Rossi et al. (1989) . The workability was measured for each length and percentage of fibres incorporated and for the different S/G ratio by the slump test. Concerning the admixture of the fibre concretes studied, a method recommended by A. C. I. Committee 544(1982) was used, which consists of mixing the gravel, sand and fibres first, and then adding the plaster and the extent lime in water.
The results of the workability of different composite reinforced with date palm fibres are presented in Table 4 .
Testing method
The bulk density of fibres was determined by the gravimetric method, according to NF EN ISO 1973 (1996 using a balance with a precision of 0.01%, sixty fibres of length of 40 mm of different diameters were tested under the following climatic conditions, T = 20 ± 2°C and relative humidity, RH = 65 ± 2%. The absolute density of fibres was measured by porosimetry. The water absorption of the fibres was measured in accordance with ASTM C127/88 using 10 samples.
The mechanical properties (tensile strength, elongation and the modulus of elasticity of the fibres) were determined in accordance with standards NF EN ISO 5079(1996) , under climatic conditions, T = 20 ± 2°C, and a relative humidity, RH = 65 ± 2%, using an Instron universal testing machine equipped with a 250 N load -sensor and two displacement transducers at a cross-head speed of 0.5 mm/min. Tests data were digitally recorded and the force/deformation curve was plotted.
A scanning electron microscope was used to examine the fibre surface topographies, the section of fibre used, the matrix and the fibres matrix interface.
The compressive strength of concrete was measured on 100×100×100 mm 3 cubes in accordance with standards NF EN 12390-4(2000) using an universal testing machine with a loading rate of 3 ± 0.5 kN/s.
The flexural strength properties were determined on 100×100×500 mm 3 prisms with an experimental set-up in accordance with standards NFP 18-409(1993), using a universal testing machine (Controls) and four points test was carried out with 400 mm span and cross -section head of 0.1 mm/min. The system was fitted with a load sensor of 50 kN. The flexural strength was measured using the following equation:
Where P is the maximum load recorded during testing, a is the specimen length of a square cross-section.
The Young's modulus was calculated from the slope of the loaddisplacement curve. The density and the absorption of water were determined according to ASTM C2206 75. The thermal conductivity was tested according to NFE993-15 by CT Metre, an instrument developed by CSTB Grenoble to determine with precision the thermo-physical properties of certain number of materials. The specimens 150×90×40 mm 3 were tested after 28 days age. Each measure is relative to six similar tests.
RESULTS AND DISCUSSION
According to Table 1 , the plaster used possessed the best mechanical properties, which mean a good Page 3 : compressive strength but a very fast setting, so it is necessary to add 6% of extent lime as retarder setting in order to delay the time of setting of plaster from 7 to 30 min. Figure 2 presents the chemical analysis of date palm fibres used. It shows the presence of oxygen and carbon atoms with an important atomic percentage and that carbon is the most dominating element which affirms the presence of the carboxylic groups of cellulose. The examination of date palm fibres by SEM shows that the fibre has a full section and it constitute very small filaments formed in layers (in the form of pages of book), the disordered layers allow the flexibility of the filament. The presence of alveolar structure on the surface of the fibres ensures a good adhesion between matrix and fibres. Table 2 shows that date palm fibres have interesting physical and mechanical characteristics; however, the relatively weak elasticity modulus remains an element to be taken into account. Figure 3 shows that the workability of the concrete plaster increase with the increase of the S/G ratio and the optimal granular composition for the control concrete that gives a maximal workability corresponds to a S/G = 0.29. The addition of 0.5% of fibres with different lengths Table 4 shows that the workability for different lengths of fibres was included in the interval of 60 -90 mm (Gorisse, 1978) , such that we can regard our case as the third hypothesis of baronLesage adapted by Rossi which consists of making an adjustment in the composition of the fibre concrete to reach a suitable workability. We preferred thickening the paste of the binder by a light vibration and not by the addition of the binder and water, as was in the case of the metallic fibre concretes, because our objective for the concrete of plaster was to have a reduced W/P and S/P fixed from the beginning. The optimal granular composition common between the different composition studied, correspond to (S/G) opt = 0.31 and the S/G ratio increases with the increase in the content of fibres, and this result has also been confirmed by Valade (1987) . Concerning the length of fibres, the optimal granular composition was much better for the length of 30 and 40 mm than the other lengths, because the sizes of 30 and 40 mm can better enclose the larger granulates than the fibres length of 10 and 20 mm; what has been recommended by Dehousse (1975) that the granulometry must be closely linked to the dimension of fibres.
The workability decreases when the dosage of fibers increases. This point has been mentioned in literature and observed also during the mixture of our fiber concretes by the apparition of fiber winds and therefore a loss of workability is registered at the slump test. Finally, what is shown in Table 4 is that, the workability decreases when the mass fraction of fibers increases. It is also shown on the same table that the workability decreases with the increase of the fiber length; this is due to the fact that fibers with the big length tend to tangle, thus leading to unsuitable workability. In addition, the shape of fibers which are stretched out, create rubbing that gives to the mixture an artificial cohesion that increases the void volume, which influences the workability and the compactness of the concrete (Valade, 1975) .
According to Figure 5 , the compressive strength of the fibrous plaster concretes increases with the increase in the dosage by mass of fibres, and is in relation with the plain concrete until the value get to 1.5% of fibres, then falls owing to loss of workability due to excess fibres in the matrix. It can be noted also that the addition of fibres disrupts the mineral skeleton of the concrete, creating void inside the matrix and increasing its porosity, by giving it a minimal strength. These observations are in agreement with the results of previous research on different fibres concretes studied.
In general, the test of compression depends on the preferential orientation of fibres and their correct disposition in relation to the applied effort. At the time of the examination of rupture faces of specimens crushed in compression, it was observed that for several specimens, the disposition of fibres was parallel to the applied effort. This orientation of fibres amplifies this effort, therefore an improvement of the compressive strength was compared with the one obtained from plain concrete (without fibres) (Mangat and Azari, 1984) .
According to the Figure 6 , it is clearly noted that the flexural strength increases considerably with dosage and length of fibres. A clear improvement for different lengths was obtained for a dosage of 1.5% fibres for 30 mm length, after which a loss of the flexural strength was recorded for a dosage of 2% fibres owing to excess of fibres and a bad distribution of the fibres in the matrix, while increasing the porosity of the material reduces the flexural strength. Figure 7 shows that the Young modulus remains appreciably constant and it does not depend on the length of the reinforcing fibres used; on the other hand, it increases slightly with the increase in the dosage of fibres. This point has already been mentioned in literature that Young modulus depends only on the modules of the constituents, their volumes and their distribution in the matrix; justified by Khenfer and Morlier (1991) .
While examining the load-displacement curves for 1.5% of fibres (optimal mass fraction) for different lengths illustrated in Figure 8 , it is noted that the ductility of the composite is best when the length of fibres is increased, which can be explained by the fact that the energy dissipated by the fibre will be as much bigger and important as the rubbing and therefore the longer the fibres, the better the ductility that ensures the neat improvement in fibres of 40 mm length. Figure 9 shows the variation of the density according to the percentage of fibres with different lengths. It can be noted that the density decreases as the percentage and the length of fibres increases and the highest value was obtained from the reference sample without date palm fibres; whereas the lowest value was obtained from the composite reinforced with 2% and 40 mm length of fibres. Contrary to the density, the absorption of water increases as the dosage and the length of date palm fibres increases (Figure 10 ). The lowest value of water absorption was obtained from the reference sample without date palm fibres, and the composite contains the highest amount of date palm fibres and the highest value of water absorption. It shows that the less dense composites have more void spaces than the dense ones, that can absorbed more water. The same observation was also reported in a previous research on cement composite reinforced with coconut fibres (Alida et al., 2011) which its thickness of water absorption and moisture content are inversely proportional to the density. The variation in the thermal conductivity for the concrete plaster reinforced with fibre contents (% by mass) and for different fibre lengths is plotted in Figure 11 . The plaster used alone or with other materials improves the insulation because of its low thermal conductivity which is equal to 0.424 W/mK in our survey. The thermal conductivity after 28 days decreases with the increase of the fibres dosage, and it increases with the increase of the fibres length. The thermal conductivity of porous medium is inversely proportional to the voids generated by the packing of fibres. In general, short fibres lengths are more difficult to align and pack densely than the longer ones (Morrissey et al., 1985) . Thus, for a given fibre content, the short fibres length produce a lot of voids, this leads to a low thermal conductivity of the material. Also, the thermal conductivity is a close function of fibres content. Hence, the thermal conductivity decreases when the quantity of fibres content increases (Khedari et al., 2001) . The thermal conductivity of new specimen with 2% by mass of date palm fibres of 20 mm length is in the range of data reported by Neville (1996) on light weight aggregate concrete, which varies from 0.3 to 0.6 W/mK. This indicates a promising potential for development. The experimental results show that heatinsulating efficiency of material is opposite to its density. The hydration of plaster gives a crystalline porous product consisting of a needle and larger particles (Figure12). This closely interlocked crystalline framework and the remaining porosity is what determines the mechanical properties of the set plaster. Figure 13 shows the good interface between the matrix and the fibres; after the flexural test, the fibres bridged the crack, and as the crack propagates, the load was transferred to the fibre until the interface braked, then the fibre started pulling out of the matrix and the load started to decrease. Figure 14 shows the interaction between the crystals of gypsum and the amorphous calcite. The adhesion between the siliceous aggregates and the gypsum is presented on the Figure 15 .
Conclusion
The experimental investigation on the possibility of the utilization of date palm fibres in construction of walls and other building components showed that, the method of formulation of plaster concretes reinforced with the fibres of palm trees has not requested us to correct the composition by adding plaster and water. A light vibration seems to be sufficient to give a workable and compact fibre concretes with a good orientation of fibres in the matrix. The compressive strength increases with the increase of the dosage of fibres used and decreases for certain high percentages because the packing of the fibres becomes difficult at high fibre content, but it stays in the standard range of load bearing concrete masonry (10 to 40 MPa). The flexural strength increases considerably according to the control concrete while improving the ductility of this material. The Young modulus does not depend on the length of fibres. The dosage and the length of fibres decrease the density and the thermal conductivity, thus the new composite could be used to prevent heat transfer into building and to save energy. Finally, the interaction between the fibre and the matrix proves to be efficient; therefore, there is a good transfer of loads from the matrix to the fibres.
